Abstract Objective: Active surveillance (AS) offers a strategy to reduce overtreatment and now is a widely accepted treatment option for low-risk prostate cancer. An ideal tool for risk-stratification would detect aggressive cancers and exclude such men from taking up AS in the first place. We evaluate if a combination of transperineal template biopsy with magnetic resonance imaging (MRI)-targeted biopsy identifies significant prostate cancer amongst men initially diagnosed with low-risk prostate cancer. Methods: This prospective, single-blinded study included men with low-risk prostate cancer (D'Amico's Criteria) diagnosed on conventional transrectal ultrasound-guided biopsy. Patients first underwent multiparametric MRI of the prostate !6 weeks after initial biopsy. Each suspicious lesion is mapped and assigned a Prostate Imaging Reporting and Data System (PIRADS) score. Template biopsy is first performed with the surgeon blinded to MRI findings followed by MRI-targeted biopsy using a robotic transperineal biopsy platform. Results: The age of the 19 men included is 65.4 AE 4.9 years (mean AE SD). Prostate specific antigen (PSA) at diagnosis and at the time of transperineal biopsy were comparable (7.3 AE 1.7 ng/mL and 7.0 AE 1.8 ng/mL, p Z 0.67), so were prostate volumes (34.2 AE 8.9 mL and 32.1 AE 13.4 mL, p Z 0.28). MRI-targeted biopsy had a higher percentage of cancer detection per core compared to template biopsy (11.7% vs. 6.5%, p Z 0.02), this was more than 3 times superior for Gleason 7 disease (5.9% vs. 1.6%, p < 0.01). Four of 18 (22.2%) 
Introduction
Majority of low-risk prostate cancers are indolent and unlikely to significantly impact a man's lifespan. In the lowrisk setting, active surveillance (AS) performs as well as curative treatment and in prospective cohort studies, has allowed up to 50%e60% of men to remain intervention-free at 10e15 years from diagnosis [1e3] . While inclusion criteria into AS trials are generally strict, at first rebiopsy, histological upgrading rates of up to 28% are still observed, resulting in an increase in risk category [4, 5] . This is thought to be largely due to shortcomings of the traditional 12-core random biopsy technique in adequately sampling the entire prostate gland resulting in under-detection of aggressive cancer. This may, in turn, contribute to patient anxiety and reduced uptake of AS as well as the need for fairly intensive regime of regular surveillance biopsies to subsequently identify those with more aggressive tumours. Indeed, among post-prostatectomy cohorts, men who initially fulfilled low-risk criteria had a 30%e50% chance of harboring higher-grade cancer upon complete examination of the prostate [6] . Efforts to address the weaknesses of conventional biopsy and better stratify patients for AS or treatment have now led to a proliferation of imaging, imaging-guided biopsy, mapping biopsy and biomarker tests [7] .
An ideal tool for risk-stratification would detect aggressive cancers and exclude such men from taking up AS in the first place. Multiparametric magnetic resonance imaging (mpMRI) is a promising modality in the detection and localization of prostate cancer. MpMRI has a positive predictive value of up to 98% for clinically significant prostate cancer with especially good performance in higher-grade and larger tumours [8, 9] . Using mpMRItargeted biopsy to provide histological confirmation of cancer grade could thus potentially be the risk-stratifying approach that is required, though this remains to be proven. We sought to evaluate the ability of a comprehensive biopsy comprising both transperineal mapping biopsy combined with mpMRI-targeted biopsy in identifying aggressive prostate cancer as a staging technique among men initially diagnosed with low-risk prostate cancer and deemed to be suitable candidates for AS. We report here, the findings from our pilot experience.
Materials and methods

Patients
This is an institutional review board (IRB)-approved, prospective, single-blinded pilot study that included 19 men with low-risk prostate cancer according to D'Amico's Criteria (prostate specific antigen (PSA) 10 ng/mL, Gleason score 6, clinical stage T2a) diagnosed on conventional transrectal ultrasonography (TRUS) biopsy. This clinical trial was conducted in accordance to the principles of the Helsinki Declaration and in adherence to the Standards of Reporting for MRI-targeted Biopsy Studies (START) recommendations [10] .
MpMRI
All patients underwent a high field mpMRI examination. MRI images were obtained with a 3-T MRI imaging system (Magnetom Verio, Siemens, Erlangen, Germany) using a multi-channel pelvic phased array coil. The MRI protocols included high spatial resolution T2-weighted imaging in the axial, sagittal and coronal planes (turbo spin echo sequences), diffusion weighted imaging (DWI) in the axial plane (b values: 0e50, 500 and 1000 s/mm 2 ) and dynamic contrast-enhanced (DCE) images. The acquisition parameters are summarised in Table 1 . Apparent diffusion coefficient maps were generated from the diffusion weighted images by using the mono-exponential model on a voxelwise basis, fitting the b-value data. For the DCE MRI, gadoterate meglumine (DOTAREM â , Guerbet LLC, Bloomington, IN, USA), was administered via an automatic power injector (Medrad, Indianola, PA, USA) at a dose of 0.1 mmol/kg body weight at a rate of 3 mL/s.
A single dedicated genitourinary radiologist (with 7 years experience in prostate MRI) prospectively read and scored all the lesions. All assessments were made on a commercial Picture Archiving and Communication System (PACS) workstation (Carestream, Rochester, NY, USA). Each suspicious lesion detected was marked on an internationally standardised 24-sector prostate template grid [10] and assigned a Prostate Imaging Reporting and Data System (PIRADS) score. The studies performed prior to December 2014 were scored with the ESUR/PIRADS version 1.0 criteria. The studies performed from December 2014 were scored with the updated PIRADS version 2.0 criteria. The completed mapping template was then sealed in an envelope only to be opened on the day of biopsy.
Template biopsy followed by MRI-targeted biopsy
Systematic template biopsy is first performed under general anaesthesia with the surgeon blinded to the MRI findings, using a robotic transperineal biopsy guidance platform (iSR'obotä Mona Lisa, Biobot Surgical, Singapore), which was previously described [11, 12] . In brief, this system uses realtime 3D scanning technology coupled with the ultrasound image-guided system. The dual-cone concept with an innovative virtual pivot point allows maximal coverage of the prostate and multiple needle biopsies through only two perineal skin punctures to targeted locations in two fanshaped trajectories. The positions of the needle biopsies are pinpointed with an accuracy of AE1 mm [12] . The number of cores taken in the template biopsy was based on a computer generated volume-dependent algorithm. This ensures uniform biopsy intensity for all patients. Upon completion of robotic transperineal template prostate biopsy (rTPB), the envelope containing the MRI targets was opened and the surgeon was then unblinded to the mapping template marked by the radiologist. Targeted biopsy was then planned and performed by cognitive fusion using the same robotic biopsy platform at the same setting. An average of 6 cores were taken per MRI lesion. Fig. 1 shows a flowchart that illustrates the sequence of events for patients in this trial.
Outcome measures and statistical analysis
The rate of disease up-classification as well as cancer detection by rTPB and MRI-targeted prostate biopsy (MRTB) were analysed. Clinically significant disease was defined as disease containing Gleason component grade of 4 or higher grade. The association of PIRADS scoring [13, 14] of MRI lesion with significant disease was examined. Histological analysis was performed for five patients who eventually underwent radical prostatectomy. The tumour grades of biopsy cores and final histology were correlated and the correlations of tumour locations reported on MRI and whole mount histology were examined in these cases with the aid of a single dedicated pathologist (Aydin H). Further analysis Figure 1 Flowchart of trial protocol. MRI, magnetic resonance imaging; PIRADS, Prostate Imaging Reporting and Data System; PSA, prostate specific antigen; TRUS, transrectal ultrasonography. 
Results
The 19 men enrolled in the study have a mean age of 65.4 AE 4.9 years. The mean PSA at diagnosis by TRUS prostate biopsy was comparable to that at the time of rTPB and MRTB (7.3 AE 1.7 ng/mL v.s. 7.0 AE 1.8 ng/mL, p Z 0.67) ( Table 2) . At TRUS biopsy, the mean prostate volume was 34.2 AE 8.9 mL and this did not differ much from the mean prostate volume at time of rTPB and MRTB (32.1 AE 13.4 mL, p Z 0.28). The median interval from last PSA measurement to rTPB and MRTB was 8 weeks and the median interval from initial TRUS biopsy to mpMRI is 8.3 weeks (range 4.3e62.0). The mean biopsy intensity for rTPB was 0.87 AE 0.12 cores/mL prostate. The median operative time taken is 15 min (range 13e21). There were a total of 239 targeted cores of which 28 were positive for cancer, while 33 out of 511 template cores were positive for the 19 patients. This translated to a higher percentage of cancer detection per core from MRTB compared to rTPB (11.7% vs. 6.5%, p Z 0.02). Specifically looking at percentage of Gleason score 7 (Gleason grade 3 þ 4 or 4 þ 3) detection per core, MRTB is more than 3 times superior to rTPB (5.9% for targeted core vs. 1.6% for template core, p < 0.01) ( Table 3 ). The mean number of cores taken per patient for rTPB and MRTB was 26.9 AE 8.2 and 13.3 AE 5.8 respectively (p < 0.05) while the mean number of positive cores arising from rTPB and MRTB per patient was 1.74 AE 2.23 and 1.56 AE 2.79 respectively (p Z 0.83) ( Table 3 ). The mean maximum percentage core involvement was however significantly higher for MRTB compared to rTPB (25.6 AE 29.6 vs. 9.40 AE 9.15, p Z 0.03).
Of the 19 men, one did not have any MRI lesion detected. He underwent a 20-core template biopsy alone, which proved to be negative. Eighteen patients had lesions detected on MRI of which four (22.2%) had significant disease detected by MRTB alone. On the other hand, three out of 19 patients (15.8%) had significant disease detected by rTPB alone (Fig. 2) . Two of the four patients with significant disease detected on MRTB also had significant disease detected in rTPB cores. This leaves two patients with significant disease detected solely by MRTB and one patient with significant disease detected solely by rTPB (Fig. 3) . Table 4 summarises the parameters and biopsy outcome of all 19 men.
Combination biopsy detected Gleason 6 disease (equivalent biopsy outcome as TRUS biopsy) in nine patients of which five patients (55.6%) had volume upclassification and greater number of positive cores detected compared to TRUS biopsy (Table 5 ). Biopsy Gleason grade was similar on MRTB and rTPB in seven patients (five patients with Gleason 6, two patients with Gleason 7) and analysis of the biopsy quality between the two shows a higher percentage cancer detection per core (11.8% vs. 10.4%) and mean maximum core percentage of positive cores (27.5% vs. 16.1%) for MRTB ( Table 6 ).
The combination biopsy upclassified a total of five patients (26.3%), of which two were detected solely by MRTB, two by both techniques and one by rTPB alone. All five patients had greater number of positive cores as well as greater maximal core percentage of cancer on combination biopsy compared to original TRUS biopsy (Table 5 ). All five patients subsequently underwent radical prostatectomy. Further analysis of the whole mount histology confirmed tumour grade and location in all five patients who were upclassified. Table 7 shows the comparison of disease location detected on initial TRUS biopsy and on combination biopsy for the 14 men who had cancer detected on combination biopsy, as well as with whole mount histology for six patients who eventually underwent robotic radical prostatectomy. Fig. 4 illustrates the correlation between MRI detected lesions with targeted biopsy locations and ultimately with the whole mount analysis. All six patients with PIRADS 5 lesion had cancer detected of which two thirds (4 patients) were significant disease. This translates to a positive predictive value of 100% for cancer and 66.6% for significant disease in PIRADS 5 lesions in our series. All Gleason 7 disease detected by MRTB correlated with PIRADS 5 lesions in the prostate. There were no complications observed, such as gross haematuria requiring manual bladder washout, acute urinary retention and sepsis, arising from rTPB or MRTB and all patients were discharged on the same day.
Discussion
The use of AS in men with low-risk prostate cancer has been successful in reducing overtreatment. However, patient selection remains a point of concern. Studies of men thought to be suitable for AS among prostatectomy cohorts have found a 30%e50% disqualification rate upon pathological examination of the prostate. Mufarrij et al. [15] reported that 46% of cases considered to be low-risk and candidates for AS based on preoperative TRUS systematic biopsy had disease upgraded to a Gleason score of 7 or greater at final histopathology. The random nature of the biopsy technique relies on sampling efficiency for cancer detection and thus, is subject to sampling error that can result in up to 34% of cases with clinically significant tumours being missed on initial biopsy [16, 17] . Furthermore, TRUS guided prostate biopsy primarily targets the posterior aspect of the peripheral zone, missing 30%e40% of the prostate cancer located in the anterolateral portion of the peripheral zone, transitional zone and midline pre-urethral anterior fibromuscular stroma (AFMS) [17] . This deficiency of TRUS guided biopsy is overcome by transperineal biopsy techniques, which have been shown to improve cancer detection in the anterior zone, contributing in part to the increased detection rate of this modality [18] .
The need to better characterize men for appropriate risk-stratification to AS or intervention has led to much interest in the rapidly evolving fields of prostate imaging and biopsy. Transperineal biopsy techniques allow for saturation biopsies of the prostate with less fears of rectal complications and, when performed as a mapping biopsy at every 5 mm interval, may be considered an "exhaustive" biopsy of the prostate [19] . Transperineal mapping biopsies in the setting of risk-stratifying men for active surveillance has been found to detect more aggressive disease 30% of the time [20] . Though attaining such a high core density leads to concerns about haematuria, erectile dysfunction or urinary retention, Valerio et al. [21] have reported that decreasing the core density results in decreased detection of clinically significant cancer. Non-invasive imaging offers a means of selective disease localisation as we face the increasing challenge to preferentially detect higher grade cancer while avoiding lower grade tumours. There is a growing body of evidence that suggests an improved performance of MRI for the detection of early prostate cancer, when both anatomical (T1-and T2-weighted images) and functional sequences which include dynamic contrast, diffusion weighting, and/or spectroscopy are used in combination [22, 23] . More importantly, evidence points towards a heightened detection of clinically significant disease with mpMRI. Turkbey et al. [8] described a 98% positive predictive value for prostate MRI, and found improved sensitivity for higher grade tumours and those larger than 5 mm in diameter. Le et al. [9] recently reported the overall mpMRI sensitivity for tumour detection to be 47% with increased sensitivity for tumours larger than 1.0 cm (72%), higher-grade tumours (72% for Gleason !7), and index tumours (80%). Such preferential non-invasive diagnosis of clinically significant tumours constitutes a major potential advantage of MRI and has paved the way for the role of targeted biopsies of the prostate [11, 24, 25] .
Our study explores the role of MRI-targeted biopsy using a transperineal approach via a robotic biopsy device (iSR'obotä Mona Lisa). The advantages of the transperineal dual-cone trajectories, safety and feasibility of which had previously been reported by our group [11, 12] . The unique features of this transperineal biopsy system lies in the fact that it is a 7-axis robotic system that harnesses ultrasound imaging technology combined with innovative virtual reality registration to enable real-time image-guided biopsies of the prostate. As a robotically guided platform, errors in biopsy trajectory are potentially reduced compared to a free-hand biopsy and as a transperineal approach, there may be less risk of sepsis compared to a transrectal approach. However, it has not been previously evaluated as a platform for both robotic transperineal template saturation biopsy and MRI-targeted biopsy.
The results from our study have shown that on systematic template biopsy alone, we were able to pick up clinically significant disease in 15.8% of the low-risk cohort. With comparable prostate volumes at both TRUS biopsy and rTPB, the increased detection and upclassification could be explained by a function of increased biopsy intensity. Systematic template biopsy by virtue of having a higher biopsy intensity may still detect clinically significant disease in areas not considered suspicious on mpMRI [26, 27] . This was demonstrated in our study with one patient having clinically significant disease detected solely by rTPB. Nevertheless, in this study it appeared that MRTB had a higher detection rate of clinically significant disease and a better percentage cancer detection per core biopsy (11.7% vs. 6.5%, p Z 0.02) over template biopsy and this may be explained by the added value of mpMRI in detecting significant disease, although the advantage is much lower than would be expected given the reported sensitivity of mpMRI for clinically significant disease [9] . The overall upclassification rate of 26.3% is consistent with the literature. If we believe this to be the actual percentage of patients with clinically significant disease in this cohort then the detection rate of mpMRI of clinically significant disease in our series (4 out of 5 patients, 80%) is consistent as well with what has been reported by other authors [9] . Analysing PIRADS 5 lesions, the overall predictive value for cancer (100%) and for significant disease (66.7%) comes close to results published by Turkbey et al. [8] and Le et al. [9] .
The design of the trial, which used the same prostate for both biopsy techniques, is a unique strength of the trial and serves as the best situation possible of a matched-control study. For the best outcome of an MRI-targeted biopsy, a few assumptions have to be made [1] : That the accuracy of MRI in reporting all foci of significant disease within the prostate is the first step [2] ; That the MRI detected lesion can be accurately represented and located in the real-time ultrasound model of the prostate; Lastly [3] , that the biopsy device is able to precisely target the intended location of the suspicious lesion in the prostate. Only when we can ensure fidelity in all three criteria can we approximate the best outcome for targeted biopsies. Being cognisant of these pitfalls, the authors had sought to reduce the margin of error in each step [21] . For this study, a single dedicated experienced radiologist in the area of mpMRI of the prostate was enlisted. This ensured consistency and accuracy of the reporting of the MRI prostate. The prior reported margin of error using the present robotic biopsy device is 1 mm [11] . The blinding of the surgeon to the MRI findings Figure 4 Correlation of multiparametric MRI detected lesions with targeted biopsy plan and whole mount histology. Red arrows point to corresponding lesions and each column represents an individual case. First row shows multiparametric magnetic resonance imaging detected lesions, second row shows the biopsy planning and location of cores, and third row shows the whole mount histology slide.
and mapping of the lesions by the radiologist as well as the protocol of performing the template biopsies before targeted biopsies is a strength of our study and limits the observer bias. Performing the template biopsy before the targeted biopsy ensures complete blinding of the operator as the needle tracks of a prior targeted biopsy might allude to the location of the possible lesion and hence influence the surgeon's planning of the template saturation biopsy locations.
One of the major limitations of the study is the use of cognitive fusion for the targeted biopsies. This introduces operator dependent errors and variability, which would ultimately affect the outcome of the targeted biopsies, possibly explaining the low detection rate in this study. However, the usage of the 24-sector template grid of the prostate modelled after the 27 grid template approved in the START recommendations [10] and standardisation of the reporting of MRI using PIRADS score reduced the interoperator variability in the cognitive fusion process and ensured consistency during targeted biopsy, data analysis and histopathological correlation. In experienced hands, cognitive or visual estimated targeting has an accuracy of up to 80% and is not inferior to software fusion [25, 28] . Second, we did not have final histology for all patients, which would be the best audit of the targeted biopsies in terms of grade and location. Hence the detection rate of clinically significant disease for each modality is at best a conservative estimate given that not every patient had subsequent radical prostatectomy for whole mount histological correlation. Similarly it was impossible to elicit the true sensitivity and specificity of our mpMRI reporting. Thirdly, performing template biopsy before targeted biopsy may affect the accuracy of the targeted biopsy as the prostate is expected to swell and deform to a certain degree after biopsy of the whole gland, this may affect the subsequent planning of the targeted cores. However, the reverse was not ideal as the needle tracks of the targeted cores seen on ultrasound may allude to the possible location of the lesion, thereby potentially introducing operator bias during template saturation biopsy. Fourthly, the performance of the mpMRI soon after TRUS biopsy may introduce artefacts due to post-biopsy haemorrhage and thus may reduce the accuracy of the MRI. Lastly, the limited number of patients prevents conclusive statements to be made however for a proof of concept study, the authors feel that the sample size is adequate. In addition, in the course of conducting the study, there have been technological advancements made to the robotic biopsy platform, which allowed software-assisted fusion of MRI and ultrasound prostate models, this provided the capability for MRI/US fusion targeted biopsy (in contrast to cognitive targeting) and steered our practice away from cognitive targeting.
The results of this study suggest current over-reliance on risk-stratification by the conventional TRUS prostate biopsy and propose a novel protocol for re-classifying patients prior to AS. The superiority of MRI-targeted biopsy in detecting clinically significant disease (22.2% vs. 15.8% of patients, 5.9% vs. 1.6% per core biopsy) is attributed in part to the ability of mpMRI to detect suspicious lesions as well as to the capability of the biopsy platform to target that lesion in a ultrasound model of the prostate. These results suggest that MRTB, approach and guidance platform notwithstanding, offers a more efficient method of biopsy. Our results are remarkably similar to the study by Pepe et al. [29] who also studied saturation transperineal biopsy and MRI/US fusion targeted biopsy in men with low-risk prostate cancer enrolled in AS protocol. In their study, they have shown that mpMRI/US targeted biopsy improves saturation biopsy detection rate for clinically significant prostate cancer in men enrolled in AS protocols and that the false negative rate of mpMRI for small but significant prostate cancer is equal about to 30% of cases [29] . In a larger study looking at the role of mpMRI-targeted and systematic prostate biopsies in men on active surveillance, Recabal et al. [30] reported an overall upgrading rate of 35% and a false negative rate of mpMRI-targeted biopsy of 10%e17% which comes close to the 20% in our series. The fact that clinically significant disease can still be missed by MRTB, though this may be explained by our use of cognitive rather than software fusion, suggests that investigators perhaps should not be so quick to dismiss a concurrent systematic biopsy at the time of risk-stratification. We seek to address this issue by examining the efficacy of software image fusion in our biopsy platform as a planned extension of this study.
Conclusion
A combination of template saturation biopsy and MRItargeted biopsy upgrades a quarter of our patients presumed to be low-risk by initial TRUS prostate biopsy. MRTB detects 80% of these patients with higher percentage core positivity. In patients with PIRADS 5 score, MRTB detects all Gleason score !7 cancers. Our data suggest that a combination of MRTB and template saturation biopsy may optimally risk-classify this group of "low-risk" patients diagnosed on initial conventional TRUS prostate biopsy and a larger study is needed to confirm this.
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